Introduction {#sec1}
============

Chronic kidney disease (CKD) is a public health burden that has increased in the last years \[[@cit0001], [@cit0002]\]. The leading cause of CKD in the world currently is diabetes mellitus (DM). Diabetic nephropathy (DN) is a significant medical problem because of its increasing incidence, morbidity, and mortality. Diabetic nephropathy is a microvascular complication of DM that has been observed in 30--40% of type 1 DM and 10--20% of type 2 DM patients \[[@cit0003], [@cit0004]\].

Diabetic nephropathy is diagnosed by the help of glomerular filtration rate and albuminuria levels which were confirmed in at least 2 control tests 3--6 months apart \[[@cit0005]\]. In 1985, at a conference convened to achieve a consensus for definition of microalbuminuria, an albumin excretion rate of 20--200 µg/min, which is equivalent to 30--300 mg/day of urinary daily albumin excretion, was recognized as microalbuminuria \[[@cit0006]\].

The pathophysiology of this glomerulopathy with complex structural, functional and clinical changes over time has not been exactly elucidated yet \[[@cit0001], [@cit0003], [@cit0004]\]. The mechanisms of DN pathophysiology are very complex. Hyperglycemia and hemodynamic changes are suggested to act together. One of the principal pathogenic mechanisms of this disease is aberrant excessive angiogenesis. There is increasing evidence that angiogenic growth factors contribute to diabetic nephropathy. Pro-angiogenic and anti-angiogenic factors are normally in a strict balance. But in some pathological conditions like DM, there is an imbalance between them in such a way that pro-angiogenic factors have dominance over down-regulated anti-angiogenic molecules. So this imbalance leads to increased proliferation and migration of endothelial cells and results in immature and leaky vessels \[[@cit0007], [@cit0008]\].

Endocan, a 50 kDa soluble proteoglycan, is a novel human endothelial cell specific molecule (endothelial cell specific molecule-1 -- ESM-1), secreted by vascular endothelial cells and suggested as an indicator of endothelial cell activation and angiogenesis \[[@cit0009]\]. It has some role in biological processes such as neovascularization, differentiation, cell adhesion, migration and proliferation \[[@cit0010]\]. While the endothelium of highly vascularized organs such as brain, heart, liver and pancreas had no detectable expression of endocan, activated endothelium during inflammation and tumor progression shows a several-fold increase in endocan mRNA \[[@cit0011]\]. Some pro-angiogenic factors, e.g. vascular endothelial growth factor (VEGF) and fibroblast growth factor-2 (FGF-2), stimulate expression of endocan \[[@cit0009]\]. Endocan is suggested to play a role in the pathogenesis of inflammation, vascular disorders and endothelial dysfunction. Endocan levels are elevated in chronic kidney disease, renal transplant rejection, tumor progression and hypertension \[[@cit0012]\].

Endoglin (CD105) is a type-III transmembrane glycoprotein that acts as an auxiliary receptor for transforming growth factor β (TGF-β) \[[@cit0013]\]. It is not an actual receptor for TGF-β but it strongly modulates the phosphorylation process of TGF-βRII. It inhibits the TGF-β signaling pathway and endothelial nitric oxide synthase expression. It is known as a hypoxia-inducible glycoprotein. Even though endoglin is predominantly expressed in proliferating endothelial cells in the vessel wall, it is also expressed by monocytes/macrophages, fibroblasts and vascular smooth muscle cells \[[@cit0014]\]. Endoglin is required for normal angiogenesis so its expression is up-regulated in developing embryos and during wound healing, inflammation, atherosclerosis, hypoxia, vascular injury and tumor vascularization \[[@cit0015], [@cit0016]\]. Moreover, the number of studies evaluating the endoglin expression in several cancer types and targeting modulation of this expression by immunological interventions has been increasing recently \[[@cit0017]\].

Recent studies focus on novel diagnosis and treatment strategies for DN to decrease its mortality and morbidity. Therefore reliable markers for early detection and progression of DN are necessary along with molecular targets for personal treatment.

In this study we evaluated endocan and endoglin levels in normoalbuminuric diabetes and DN patients and compared them with healthy subjects. Therefore we aimed at gaining a better understanding of the role of angiogenesis in diabetes with these markers and to assess the predictive role of endocan and endoglin as markers of DN progression in DM patients.

Material and methods {#sec2}
====================

The biochemical analyses were performed by the same researchers. The researcher performing ELISA analyses did not know which plasma belonged to which participant so he was blind.

Ethical permission {#sec2.1}
------------------

All procedures were in conformity with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Declaration of Helsinki. Informed consent was taken from all groups.

Materials {#sec2.2}
---------

The glycated hemoglobin (HbA~1c~) autoanalyser, Primus Premier Trinity Biotech-Hb9210 trademark, was from the USA; High-density lipoprotein cholesterol (HDL-C), total cholesterol, triglyceride (TG), fasting blood glucose (FBG), urinary albumin, total protein and creatinine were measured with Roche brand commercial kits in a Cobas e6000-e501 (Japan) device. Low-density lipoprotein cholesterol (LDL-C) was calculated by the Friedewald formula \[[@cit0018]\]. Sunred human endothelial cell-specific-molecule-1/endocan and endoglin ELISA commercial kits were purchased from PRC. A Bio Tek Microplate Readers (USA) brand ELISA device was used.

Study design, eligibility criteria of subjects and analyses {#sec2.3}
-----------------------------------------------------------

The participants were recruited from diabetes patients firstly admitted to our hospital and from healthy volunteers who were admitted to internal medicine out-patient clinics for a routine medical assessment. The control group was named group I. All participants were evaluated by medical history (including smoking status, medications used, hypertension history, duration of diabetes and oral antidiabetic drug or insulin usage), physical examination (weight, height, body mass index as kg/m^2^, arterial blood pressure) and laboratory measurements (HbA~1c~, fasting glucose, lipids, complete blood count, urea, creatinine, urinary daily albumin excretion). Subjects with clinical evidence of cardiovascular disease (coronary, peripheral, carotid artery), any other major disease (hepatic failure, end stage renal failure, any suspicious renal disease other than diabetic nephropathy such as glomerulonephritis, urolithiasis, any other disease causing nephrotic syndrome, etc., any malignancy, autoimmune diseases, acute or chronic infections), recent history of trauma or surgery, or pregnancy were excluded. 24-hour urinary albumin excretion of diabetic patients was measured twice in the absence of urinary tract infection (3 to 6 months apart). The normoalbuminuria (NA) upper limit was taken as 30 mg/day of urinary albumin excretion \[[@cit0006]\]. The nephropathy group (DN) was defined as persistent albuminuria ≥ 30 mg/day in two consecutive 24-hour urine analyses, normal or decreased glomerular filtration rate, the presence of diabetic retinopathy and no evidence of any other renal disease. Patients with no diabetic retinopathy changes in their fundus examination and accepted as having other etiologies of nephropathy were excluded from the study. The patients were classified as normoalbuminuric (\< 30 mg/day of urinary albumin excretion) (named group II) or nephropathic (including microalbuminuria = 30--300 mg/day and macroalbuminuria \> 300 mg/day) (named group III). End stage renal failure patients due to diabetic nephropathy were excluded from the study. Demographic data of the groups are shown in [Table I](#t0001){ref-type="table"}. The healthy control group (group I, *n* = 35) was age, sex and body mass index (BMI) matched with the DM groups (40 cases in group II and 56 cases in group III).

###### 

Demographic and laboratory data of the groups

  Parameter                                                         Group I (healthy control) *n* = 35                                                          Group II (normoalbuminuria) *n* = 40                                                        Group III (nephropathy) *n* = 56
  ----------------------------------------------------------------- ------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------
  Age \[years\]                                                     57.31 ±8.41                                                                                 56.36 ±8.55                                                                                 55.17 ±6.68
  Gender F/M                                                        17/18                                                                                       18/22                                                                                       26/30
  Height \[cm\]                                                     163.4 ±10.2                                                                                 161.2 ±8.1                                                                                  161.19 ±8.8
  Weight \[kg\]                                                     79.4 ±16.5                                                                                  85.7 ±14.7                                                                                  82.4 ±13.5
  Duration of diabetes \[years\][\*](#tf1-5){ref-type="table-fn"}   --                                                                                          5.57 (1--26)                                                                                10.6 (1--33)
  SBP \[mm Hg\]                                                     119 ±4.52                                                                                   129.7 ±18.0                                                                                 131.4 ±14.9
  DBP \[mm Hg\]                                                     75 ±2.25                                                                                    77.2 ±11.0                                                                                  76.8 ±9.7
  FBG \[mg/dl\][\*](#tf1-5){ref-type="table-fn"}                    92.3 (80--96)                                                                               131.5 (80--371)                                                                             182 (96--432)
  HbA~1c~ (%)[\*](#tf1-5){ref-type="table-fn"}                      4.7 (4.3--5.3)                                                                              7.3 (5.6--17.2)                                                                             8.4 (6--14.4)
  LDL \[mg/dl\][\*](#tf1-5){ref-type="table-fn"}                    121 (81--146)                                                                               136.1 (76--220)                                                                             129.4 (66--291)
  TG \[mg/dl\][\*](#tf1-5){ref-type="table-fn"}                     125.0 (50--158)                                                                             170.9 (36--466)                                                                             185.6 (53--623)
  HDL \[mg/dl\]                                                     53.4 ±16.41                                                                                 46.3 ±14.5                                                                                  44.6 ±14.2
  Urea \[mg/dl\]                                                    27.0 ±7.6                                                                                   29.8 ±7.1                                                                                   35.8 ±11.8
  Cr \[mg/dl\]                                                      0.70 ±0.11                                                                                  0.83 ±0.13                                                                                  0.91 ±0.19
  Endocan \[ng/l\][\*](#tf1-5){ref-type="table-fn"}                 680.77^[a](#tf1-1){ref-type="table-fn"},[c](#tf1-3){ref-type="table-fn"}^ (213.3--1433.1)   1011.4^[a](#tf1-1){ref-type="table-fn"},[b](#tf1-2){ref-type="table-fn"}^ (429.9--1681.8)   1175.3^[b](#tf1-2){ref-type="table-fn"},[c](#tf1-3){ref-type="table-fn"}^ (564.5--1637.5)
  Endoglin \[ng/ml\][\*](#tf1-5){ref-type="table-fn"}               20.58 (11.06--58.85)                                                                        20.96[^d^](#tf1-4){ref-type="table-fn"} (12.0--34.86)                                       24.05[^d^](#tf1-4){ref-type="table-fn"} (10.0--53.0)

Control -- Normoalbuminuria: p = 0.001

Normoalbuminuria -- Nephropathy: p = 0.011

Control -- Nephropathy: p \< 0.001

Normoalbuminuria -- Nephropathy: p = 0.822.

Unless otherwise noted, data are presented as mean ± standard deviation

median (min.--max.)

SBP -- systolic blood pressure, DBP -- diastolic blood pressure, FBG -- fasting blood glucose, HbA~1c~ -- glycated hemoglobin, TG -- triglycerides, HDL -- high-density lipoprotein, LDL -- low-density lipoprotein, Cr -- creatinine.

Blood samples were taken after a resting period of 15 min between 8:00 and 10:00 a.m. from the cannulated antecubital vein. Serum was prepared by centrifugation at 2000 g for 15 min at +4°C. Serum samples were stored at --80°C until analysis.

Sensitivity of the endocan and endoglin commercial kits was 7.5 ng/l and 0.25 ng/ml while the intra-assay coefficient of variation (CV) \< 10%; inter assay CV \< 12%. Assay ranges of endocan and endoglin were 7.5--2000 ng/l and 0.25--70 ng/ml respectively.

Statistical analysis {#sec2.4}
--------------------

Statistical analysis was performed with SPSS version 17 (Chicago, Illinois). Homogeneity of groups' data was analyzed with the Shapiro-Wilk test. Results are shown as a mean ± standard deviation or median (min.--max.) depending on data distribution. Normally distributed data were analyzed using the independent-samples t test and one-way ANOVA. Abnormally distributed data were analyzed with the Mann-Whitney *U* and Kruskal-Wallis tests. The Pearson test was used for correlation analysis. Alpha significance level was set as \< 0.05.

Results {#sec3}
=======

In comparison of the DN group (group III) with the NA diabetes group (group II), fasting blood glucose, HbA~1c~, urea levels and duration of diabetes in DN patients were higher than in NA patients (*p* \< 0.001, *p* \< 0.001 *p* = 0.025, *p* \< 0.001 respectively). Other parameters' differences did not reach statistical significance (*p* \> 0.05). Endocan levels of DN patients were higher than those of NA patients (*p* = 0.011). Endoglin levels of DN patients were higher than those of NA patients also but this difference did not reach statistical significance (*p* = 0.822).

In comparison of the DN group (group III) with the healthy control group (group I), endocan and endoglin levels of the DN group were higher than the control group, reaching statistical significance (*p* \< 0.001 and *p* = 0.002 respectively).

In comparison of the NA group (group II) with healthy controls (group I), there were statistically significant differences in terms of endocan and endoglin levels as higher levels in the NA group (*p* = 0.001 and *p* = 0.017 respectively).

The differences of groups in terms of endocan and endoglin levels are shown in [Figures 1](#f0001){ref-type="fig"} and [2](#f0002){ref-type="fig"}.

![Box-plot graphic of endocan levels of the study population](AMS-15-34083-g001){#f0001}

![Box-plot graphic of endoglin levels of the study population](AMS-15-34083-g002){#f0002}

In receiver operating characteristic (ROC) curve analysis, the cut-off value for serum endocan was 1070 ng/l with a sensitivity of 68.3% and a specificity of 57.5 % in determining DN.

When endocan's correlations with other parameters in only the DN group were assessed, a positive correlation was found only with endoglin and HbA~1c~ levels (*r* = 0.512, *p* \< 0.001 and *r* = 0.262, *p* = 0.043 respectively) ([Figure 3](#f0003){ref-type="fig"}).

![Scattered-dot graphic of endocan and endoglin correlation](AMS-15-34083-g003){#f0003}

When endoglin's correlations with other parameters in only the DN group were assessed, a positive correlation was found only with HDL cholesterol, with a *p*-value of 0.016 and *r* value of 0.312. The correlation of endoglin with HbA~1c~ did not reach statistical significance (*p* = 0.781).

Discussion {#sec4}
==========

Nephropathy is one of the major microvascular complications of DM and in the industrialized world the morbidity and mortality due to DN is continually increasing. No adequate exact therapeutic option is currently available for the treatment of patients with nephropathy \[[@cit0019]\].

The discovery of novel markers of pathophysiology is very important in preventing development of diabetes mellitus and its complications, identifying diabetes patients at high risk for incident DN, as well as in providing targets for therapy. In recent years our knowledge about the etiology of diabetes mellitus and its vascular complications has widened noticeably. So the search for markers of diabetic vascular complications continues \[[@cit0020]\]. Many cytokines modulating different steps in pathophysiology of diabetes have come into consideration and so many trials about these modulators have been published recently.

Arman *et al.* reported that serum endocan concentration was found to be independently correlated with urinary albumin to creatinine ratio (UACR); moreover UACR and endocan levels of diabetes patients without nephropathy declined with improvement of glycemic control \[[@cit0021]\].

In a study of Pawlak *et al.*, CKD patients with or without cardiovascular disease (CVD) were evaluated and compared with a healthy control group in terms of some vascular adhesion molecules (sICAM-1, sVCAM-1), inflammatory markers (hsCRP, IL-6, TNF-α) and endocan levels. In this study, endocan levels of CKD patients were higher than in the controls, and moreover endocan levels of CKD patients with CVD were higher than in their counterparts without CVD \[[@cit0022]\]. Like this study, in our study also diabetic nephropathy patients' endocan levels were higher than those of the control group.

Endocan levels of 251 CKD patients and 60 non-diabetic non-CKD controls were evaluated in a study of Yilmaz *et al.* and endocan levels of CKD patients were higher than those of the control group \[[@cit0023]\]. The CKD group included 58 diabetes patients and in the analysis, higher endocan levels were recorded in diabetes patients than non-diabetic CKD patients and the control group. In our study also, we found a statistically significant difference in terms of endocan levels between diabetes patients and the healthy control group like this study. But in the study of Yilmaz *et al.*, the control group was constituted from non-diabetics, people and so did not include any diabetes patients without CKD. For this reason no information regarding the difference between nephropathic and non-nephropathic diabetes was obtained.

In a study evaluating the value of soluble endoglin as an indicator of cardiovascular alterations in hypertensive and diabetes patients, HbA~1c~-endoglin correlation did not reach statistical significance in diabetes patients with or without hypertension. In our study's diabetes group, HbA~1c~-endoglin correlation did not reach statistical significance also. But when this correlation was assessed in diabetes patients as a whole group in Blazquez-Medela's study, a statistically significant positive correlation was found between soluble endoglin and glycated hemoglobin levels \[[@cit0024]\].

In another study examining vitreous sample endocan and soluble endoglin levels of proliferative diabetic retinopathy patients and non-diabetic controls, endocan and soluble endoglin levels in retinopathy patients were found to be higher than in non-diabetics \[[@cit0025]\]. Diabetic retinopathy and nephropathy have a similar pathogenetic basis in terms of aberrant angiogenesis. Our study examining serum levels of endoglin in another microvascular complication of diabetes mellitus gave similar results in terms of higher endoglin levels in diabetes patients with microvascular complication. So the results of our study might support the conclusion that both microvascular complications could share a similar pathogenetic cascade in terms of angiogenesis.

The early recognition of patients at high risk for development of diabetic nephropathy and early diagnosis of this frequent complication might protect the patients from being a candidate for renal replacement therapies and decrease the health burden of this time-, life-, and money-consuming complication. So the results of our study planned to evaluate these two bio-markers' levels at different stages of diabetic nephropathy might be used in clinical practice to identify high-risk patients and treat them more aggressively to defer the development and progression of this complication.

There are some limitations that should be considered in the present study. First of all, we assessed the circulating serum levels of endocan and endoglin in diabetic nephropathy patients. If we could study the renal tissue levels of them in diabetic and non-diabetic subjects, some different results might be obtained. Secondly, our sample size was relatively small due to our financial limitations, and it was a cross-sectional, single-center study. Lastly, it was not possible for us to homogenize the study group according to their medication groups such as diabetes therapy (different oral antidiabetic groups or insulin), antihypertensive (renin-angiotensin-aldosterone system blockers, β-blockers, calcium channel blockers, diuretic groups, etc.), anti-lipemic and anti-aggregant medication groups, which might give unreliable results due to our small sample size. Evaluating these details in larger studies in the future might clarify the effect of some medication groups on these two biomarkers also. Larger sample sized, long-term, prospective and multicenter-designed new studies are needed to confirm these results.

In conclusion, the complications of DM are still the leading causes of morbidity and mortality in DM. Understanding the pathogenetic mechanisms of complications and early recognition of complication development by some new markers might add some benefit in inhibition of progression of complications and in development of new treatment strategies on a molecular basis. In our study, we suggested that endocan might be a more reliable new marker of diabetic nephropathy development than endoglin. But this issue must be investigated with new, larger, multi-center prospective studies.
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